Background. Pathological changes of the respiratory muscles (RM) during the development of chronic obstructive pulmonary disease (cOPD) have not yet been studied in detail. Objectives. The aim of the research was to assess RM status in cOPD and the relationship between echodensitometric and morphological changes in the RM. Material and Methods. The participants -152 male cOPD patients -were divided into three groups according to the severity of the disease: cOPD 1 (mild), cOPD 2 (moderate) and cOPD 3 (severe). The status of the accessory RM in these groups was investigated using echodensitometry indices (echogenicity: IE; homogeneity: IH; and structural density: ISD) and the morphological material of the abdominal internal oblique muscle in 25 patients with cOPD 1 and cOPD 2. Results. considerable differences among the cOPD groups were revealed. In mild cOPD a tendency toward increased homogeneity was detected (due to RM hypertrophy), while echogenicity results varied. IH and ISD decreased in moderate cOPD, while IE was increased due to RM fatty infiltration and sclerosis (according to the morphological data). In severe cOPD, IH and ISD rose again against a background of IE decrease. The presence of myolysis, sclerotic changes and contractures of myofibrils in the RM was significantly more frequently observed in cOPD 1 and cOPD 2 compared with the controls (where these features were rare). The sensitivity and specificity of the morphological and ultrasonic methods were similar in assessing atrophic and sclerotic RM changes, while their accuracy was lower in analyzing other morphological signs. Conclusions. The echodensitometric parameters investigated reflect, in a complex way, different dynamics of degenerative RM processes during the progression of cOPD (Adv Clin Exp Med 2014, 23, 3, 381-394 ).
Sarcopenia (loss of muscular mass) is one of the processes accompanying advanced age. Sarcopenia is divided into two types: primary, when there are no other reasons for the decrease in muscle mass, and secondary, which is the loss of muscle mass as a result of some disease [1] . The incidence of primary sarcopenia fluctuates from 5% to 13% in persons aged 60-70 years [2] . A decrease in muscle mass is not an isolated process, because it develops simultaneously with fatty mass accumulation [3, 4] . There is a tendency to a higher incidence of fatty infiltration in satellite cells in sarcopenia, the consequence of which is fatty muscle infiltration [5] .
currently, increasing attention is being paid to disorders of the skeletal muscles and respiratory muscles (RM) among other extrapulmonary complications in cOPD, which is characterized by the progressing atrophy of these muscles, with loss of muscular strength and mass, as well as subsequent development of physical exercise intolerance and chronic respiratory insufficiency [6] [7] [8] .
The latter depends not only on the degree of severity of the pulmonary pathology [9, 10] but also on extrapulmonary disorders [11, 12] . Decreases in RM strength by 15-30% in 20-50% of cOPD patients (depending on the severity of the disease and RM type) have been detected [13] . The loss of muscle strength results predominantly from RM atrophy and rather than a loss of RM contractile properties [14] . In addition, the functioning of the intercostal and sternocleidomastoid muscles is believed to have fewer disadvantages than the diaphragm in the presence of severe lung hyperinflation [15] . Insufficient RM inspiratory activity leads to hypoventilation, while expiratory RM weakness favors the development of dynamic hyperinflation which increases during exercise [16] [17] [18] . These increases in RM fatigability and atrophy are connected (in a complex manner) with the development of breathlessness on exertion and limitation of exercise.
Prolonged bronchial obstruction (which increases RM workload and oxygen demand) in cOPD has been shown to lead to RM overload and reduction in RM ability to generate maximum respiratory effort [19, 20] . RM hypertrophy develops in response to increased RM functional load even in the initial stages of cOPD [19] . Then, during the course of cOPD development, RM strength decreases against the background increase of atrophic changes. The atrophy of muscles is only partially reversible in cOPD patients [13] .
The insidious development of flow limitation and hyperinflation in prolonged cOPD enables several structural adaptive mechanisms of muscles to come into play in response to chronic mechanical loading to preserve the functional strength of overloaded RM [21] [22] [23] [24] . These include a reduction in sarcomere length, an increase in the relative proportion of fatigue resistant fiber types and an increase in mitochondrial concentration, which improves oxidative capacity. Differences in morphological changes in damaged myofibrils have been detected in cOPD patients [25] . One of the most common forms of muscular dystrophy is the formation of contractures when myofilaments become deregulated and displaced, while myofibrils lose cross-section striation [26] . In addition, reduced numbers of capillaries per unit of area have also been found in the muscular tissue of cOPD patients [27] .
Decreased body weight in cOPD patients is commonly observed with age, primarily at the expense of muscles; the loss of muscle mass is aggravated by fatty mass accumulation. fatty muscle infiltration leads to decreased muscle strength and inadequate functioning. Increasing hypodynamia, in turn, stimulates the growth of sarcopenia.
Another mechanism of the decrease in muscle mass is an imbalance (tending toward catabolism) between synthesis and protein degradation. This is caused by suppressed formation of humoral factors that stimulate protein synthesis, with the simultaneous expression of subclinical inflammation factors (TNf-α, IL-6) and a decline in myocyte apoptosis [28, 29] .
compared with other muscles, RM have rather particular characteristics, due to the necessity of overcoming the elastic properties of the chest. The most important feature of RM is peak effort, in which type II muscle fibers play a more impotent role, whereas the endurance and relative strength are of greater importance for skeletal muscles. The peak expiratory flow rate is a basic RM characteristic, but its relationship to sarcopenia has not yet been fully established. In cOPD patients, inspiratory RM have to generate more negative intra-thoracic pressure than is generally required for adequate alveolar ventilation. This is due to the presence of internal positive pressure at the end of the expiration phase as well as static and dynamic hyperinflation [17, 18] .
The development of RM dysfunction in cOPD occurs due to the complex interplay of several factors [7, 27, [30] [31] [32] [33] [34] : an increase in pro-inflammatory mediators (which plays a key role in the pathogenesis of these changes); decreased nutritional status and anabolic hormone levels; tissue hypoxia; oxidative stress; reduced capillarity and proportion of type II fibers; muscle apoptosis; and the use of oral or inhaled corticoids in high doses. RM are involved in this pathological process with some delay [25] . An increase in proinflammatory cytokine levels (IL-1, IL-2, IL-6; TNf-α, interferon-j) circulating in the blood flow leads to decreased muscular fiber synthesis. Indeed, TNf-α directly or indirectly promotes the development of a systemic inflammatory process and the proteolysis of myosin as well as an increase in catecholamin synthesis [35] . In addition, pathological changes in muscular fibers combined with decreased transverse section areas of muscle fibers are observed [36] . These RM changes decrease the efficacy of mechanical muscular effort.
The ultrasonic method provides direct detection of separate structures and early pathological changes in the RM of cOPD patients, and their timely correction afterwards. Unfortunately, only the area of RM cross sections and their amplitude of movement are currently being analyzed by this method [37] . At present, investigations of morphometric changes in RM are scarce [38] . The relationship between these RM changes and other pathological processes occurring in cOPD has not been studied in detail yet. Usually RM biopsies with subsequent morphological and histochemical analysis are used only for scientific purposes. All this emphasizes the importance of developing new noninvasive methods for the dynamic assessment of functional and structural pathological changes of RM in cOPD patients.
The aim of this study was to assess accessory RM status (dystrophic changes) by ultrasonic scanner and to compare them with the histological data from muscle biopsy material from males with different stages of cOPD according to the global Initiative for Obstructive Lung Disease (gOLD) grading system.
Material and Methods
The study was undertaken at the Pulmonology Department of the 10th Minsk clinical hospital in the years 2009 to 2012. All participants gave their written informed consent. The study protocol was approved by the Human Studies committee on Research Ethics at the belarusian State Medical University. The inclusion criteria for the study were established before the trial and were strictly followed: Males aged 50-67 years with different degrees of severity of cOPD, with fEV 1 increase < 15% during bronchodilation tests were qualified for the study. Exclusion criteria included substantial uncontrolled comorbidity.
The following accessory RM were studied: -muscles of inspiration: sternocleidomastoid (ScM), scalenus anterior (SA), and external intercostals (ExI); -muscles of expiration: abdominal internal oblique (AIO), abdominal external oblique (AEO), rectus abdominis (RA), transversus abdominis (TA) and internal intercostals (InI). A HONDA Electronics HS-2000 ultrasonic scanner with 7.5 МHz/50 mm and 256 shades of grey color, providing high-quality histograms, was used in the study. The following quantitative indices of RM were investigated: homogeneity (IH, which characterizes the degree of muscle homogeneity); echogenicity (IE, the level of the shade of the grey scale that most often emerged in the outlined zone); structural density (ISD, which permitted a quantitative assessment of muscles of different size) and standard deviation (SD). The technical features of this scanner did not permit investigation of structural changes in the diaphragm (the main respiratory muscle), because of its subtlety and deep arrangement.
The study group consisted of 152 cOPD patients (aged 51-67 years) with acute exacerbation (increased wheezing, dyspnea, sputum volume or sputum purulence one week prior to admission) of varying severity. These patients and a control group consisting of 34 healthy persons of comparable age, sex, smoking status and body mass index (bMI) were examined. Special emphasis was placed on the participants' history of chronic, progressive symptoms such as dyspnea, coughing and wheezing, and on their smoking history. Most of the patients were current smokers or ex-smokers (who had stopped smoking at least 12 months before evaluation); some of them were nonsmokers. The diagnosis of cOPD and its severity was based on the gOLD guidelines. The expressiveness of dyspnea (as an indirect indicator of decreased exercise tolerance) in these cOPD patients was defined according to a modified Medical Research council (MRc) questionnaire [39] .
The patients were divided into three groups according to the severity of their cOPD, which reflected the evolution of disease ( Table 1 ). The first group (cOPD 1 ) consisted of 42 patients with mild cOPD (median age and duration of disease: 55 and 4 years respectively; fEV 1 : 83%; bMI: 27 kg/m 2 ; current smokers: 79%, ex-smokers 6%, and nonsmokers: 15%). The second group, with moderate cOPD (cOPD 2 ), was composed of 80 patients (median age and duration of disease: 57 and 10 years respectively; fEV 1 : 55%; bMI: 30 kg/m 2 ; current, ex-and nonsmokers: 78%, 10% and 12% respectively). The third group, with severe cOPD (cOPD 3 ), was made up of 30 patients (median age and duration of disease: 60 and 13 years respectively; fEV 1 : 33%; bMI: 25 kg/m 2 ; current, ex-and nonsmokers: 86%, 10% and 4% respectively).
As shown in Table 1 , the control group (with normal pulmonary function) did not differ from cOPD 1 patients in terms of median age, the percent of patients under 60 years, bMI and intensity of smoking. compared with the controls, cOPD 1 patients only had decreased ventilation parameters. cOPD 3 patients a had significantly higher median age, disease duration, MRc breathlessness index and number of current smokers than the control group and cOPD 1,2 patients, while their bMI was significantly lower than in the cOPD 2 group. As Table 1 shows, a significant increase in the number of exacerbations (which are an important component of the clinical development of disease) over the past year was found in severe cOPD compared with mild to moderate cOPD.
A progressive decrease in ventilation parameters was noted as the disease developed: fVc dropped from 86% in cOPD 1 to 38 % in cOPD 3 ; fEV 1 dropped from 80% to 33%; and blood oxygen saturation dropped from 97% to 93%. The patients (mostly cOPD 2-3 ) were treated in the hospital with a combination of inhaled long-acting anticholinergic or β 2 -agonists; inhaled and systemic steroids (5 days of dexametasone intravenously, 4 mg a day); and antibiotics if there was clinical evidence of Type 1 or 2 exacerbation according to Anthoninsen criteria.
Additionally, morphological examinations of AIO biopsy material from 25 stable cOPD 1,2 patients were carried out ( Table 2 ). The biopsies were taken during inguinal herniotomies in order to assess the accuracy of the proposed ultrasonic method in the diagnosis of dystrophic RM changes. Hematoxylin-eosin staining and the one by Van gieson's method were the histological methods used. The following morphological signs in RM were assessed: atrophic and sclerotic changes, myolysis, fragmentations and contractures of myofibrils, the presence of granules in sarcoplasm, the proliferation of perimysium cells and fibroblasts, as well as the growth of fatty tissue into the muscular tissue.
The statistical analysis was performed using Statistica 8.0 software (2007, Statsoft Inc., USA). The preliminary analysis of the variables under consideration was a Shapiro-Wilk test of correspondence to normal distribution. The results of the analysis were shown as median and interquartile range (25-75%) because all the parameters differed from normal distribution. The comparison of non-parametric parameters in two independent groups was carried out using a Mann-Whitney test, while in three or more independent groups it was performed using the Kruskal-Wallis rank sum test. fisher's exact test was used to detect statistically significant differences between independent groups according to the frequency characteristic of the investigated parameter. Spearman's rank correlation coefficient (r s ) was used to describe the relationship between the two quantitative variables that differed from normal distribution. The level of statistical significance was set at p < 0.05.
Results
The ultrasonic images of accessory RM in the control group and in all the patient groups were significantly different. RM tissue in cOPD patients was represented as more echogenic and less homogenic compared with the control group. The peak histogram of the abdominal external and internal oblique muscles showed that echogenicity was more common in the initial part of the grey color scale ( fig. 1) . Additionally, the low standard deviation value and the narrow basis of the graph denoting the uniformity of muscle tissue was due to a narrower spectrum of grey color gradation.
Various ultrasonic images denoting increased echogenicity and heterogeneity in the muscular tissue of cOPD 1,2,3 patients were found. Increases in the basis of the peak histogram and value as well as changes in structural density, echogenicity and homogeneity were observed. figure 2 shows a typical amplitude histogram of abdominal oblique muscles in mild to moderate cOPD patients.
It was determined that the changes in structural density, echogenicity and homogeneity in RM on inspiration varied in a complex way during the course of cOPD development (Table 3; fig. 3, 4) . A significant increase in homogeneity and structural density against a background decrease of echogenicity was revealed. The structural density of ScM significantly increased in cOPD 1 (by 9% compared to the control group), while it decreased in cOPD 2 (by 14% compared to the controls). Echogenicity decreased in cOPD 1 and increased in cOPD 2 (both by 18% in comparison to the control group). The opposite was that case with the homogeneity of ScM, which increased in cOPD 1 (by 6% as compared to the controls) and decreased in cOPD 2 (by 13% compared to the controls).
An 8% increase in the homogeneity of ScM was observed in cOPD 3 in comparison with cOPD 2 (p < 0.05), but this parameter remained below that 17*** Data are presented as n (%) or median (ranges), unless otherwise stated. gOLD -global initiative for chronic obstructive lung disease; cOPD -chronic obstructive pulmonary disease; MRc -modified medical research council questionnaire for assessing the severity of breathlessness; fVc -forced vital capacity; % pred.: % predicted; fEV 1 -forced expiratory volume in one second; fEV 1 /fVc -ratio of these two measurements; psO 2 -% blood oxygen saturation by pulse oximetry; * -compared with the control group, p < 0.05; ** -compared with the cOPD 1 group, p < 0.05; *** -compared with patients of cOPD 2 group, p < 0.05 Data are presented as n (%) or median (ranges), unless otherwise stated. cOPD -chronic obstructive pulmonary disease; bMI -body mass index; fEV 1 -forced expiratory volume in one second; % pred. -% predicted; p < 0.05 -significant difference between these groups Data are presented as median (ranges), unless otherwise stated. gOLD -global initiative for chronic Obstructive lung disease; cOPD -chronic obstructive pulmonary disease; RM -respiratory muscles; IH -index of homogeneity, which characterized the degree of muscle homogeneity; IE -index of echogenicity (the level of the shade of the grey scale that most often emerged in the outlined zone); ISD -index of structural density, which permitted a quantitative assessment of muscles of different size; * -compared with the control group, p < 0.05; ** -compared with the cOPD 1 group, p < 0.05; *** -compared with the cOPD 2 group, p < 0.05. of the control group. A similar picture was detected in the structural density, which increased by 21% in cOPD 3 compared with cOPD 2 (p < 0.05) and almost reached the control value. The dynamics of these indices for SA were similar to ScM, but were less pronounced during the progression of cOPD. The homogeneity of ExI was significantly decreased in cOPD 2, 3 (by 13% and 15% as compared to the control group), while the echogenicity of ExI was increased in cOPD 2, 3 (by 29% and 21% compared to the controls). The structural density of ExI did not significantly differ from the control value. The changes in the echogenicity index in developing cOPD are quite evident in fig. 3 . The changes in the echodensitometric parameters of expiratory RM were similar to those in the inspiratory RM. The homogeneity and structural density of AIO were significantly lower in cOPD 2 (both by 7% in comparison with the controls) and in cOPD 3 (by 7% and 5% in comparison with the controls), while increased echogenicity was observed in cOPD 2, 3 (by 14% and 10% as compared with the controls). The homogeneity and echogenicity of AEO did not differ from the control group in cOPD 1, 2, 3 , while the structural density was lower only in cOPD 2 (by 10% in comparison with the control group). Decreased homogeneity and structural density of RA were also noted in cOPD 2 (by 18% and 20% in comparison with the controls) and cOPD 3 (by 20% and 13% in comparison with the controls), while significantly increased echogenicity was registered in cOPD 2, 3 (by 31% and 42% in comparison with the controls). The dynamics of the changes in structural density in RM were noticeably different from the dynamics of echogenicity during the progression of cOPD (fig. 4) .
Additionally, the study investigated the relationship between the patients' physical activity (approximately, in accordance with the severity of breathlessness) and the echodensitometric parameters of RM. All the patients were divided into four subgroups according to the degree of dyspnea expressiveness on the MRc scale. In these subgroups, significant differences in homogeneity were revealed for AEO, ExI, InI, ScM, SA and RA. changes in echogenicity were expressed to a greater extent than changes in homogeneity in these cOPD subgroups. Significant echogenicity differences between the MRc 0 subgroup and the MRc 1,2,3 subgroups were revealed for all the studied RM (Table 4) .
The morphological study of RM in cOPD 1,2 patients provided the following picture (Table 5) : Structural abnormalities -atrophic changes -were found in 25 % of the cOPD 1 patients compared with 69% of cOPD 2 patients, and in 45% of subjects from the control group (χ 2 = 4.91; р = 0.085). Additionally, in the cOPD 2 group, the proportion of patients with atrophic changes in muscle tissue was higher than in the cOPD 1 group (69% and 25% respectively; χ 2 = 4.89; р = 0.047). It is necessary to note that this morphological sign was not specific to cOPD patients, because it was often detected in the control group as well.
As it can be seen from Table 5 , the presence of myolysis in RM ( fig. 5A ) was observed in 92% of the cOPD 1,2 patients), but in only 9% of subjects from the control group (χ 2 = 23.6; р = 0.00001). In some cases the presence of myolysis zones with a proliferation of perimysium cells arranged into a continuous series was detected in these cOPD patients. Additionally, the presence of granules in sarcoplasm (a sign of severe dystrophic changes) was revealed. Deep dystrophic albuminous granules of various sizes were also noted in relatively unaffected muscular fibers. The fragmentation of myofibrils was also present in all the groups: 82% in the control group; 83% and 85% in cOPD 1 and cOPD 2 respectively (χ 2 = 0.01; р = 0.99). No significant differences were detected between the control group and the cOPD 1,2 groups regarding the presence of perimysium cell proliferation (36%, 67% and 72% respectively; χ 2 = 2.43; p = 0.29); nor were significant differences observed between the cOPD 1,2 groups ( fig. 5b ). Round-cell infiltrates around microcirculation vessels, perivascular and intramuscular fatty tissue along the myofibrils were found, with no significant differences between the control group and cOPD 1,2 patients (χ 2 = 6.08; р = 0.06). Deposits of lymphocytes in separate fibers with fusion of sarcolemma and bordering sarcoplasm were noted in cOPD 1,2 patients; there were no significant differences between these groups (χ 2 = 0.99; p = 0.43). No proliferation of fibroblasts was detected in the control group, but it was observed in 25% and 69% of the cOPD 1 and cOPD 2 patients respectively. There were significant differences between the control group and the study groups (χ 2 = 13.4; р = 0.0012) as well as between cOPD 1 and cOPD 2 (χ 2 = 4.89; р = 0.047). Intergrowth of fatty tissue into muscle tissue ( fig. 6A ) was observed in 25% of cOPD 1 patients and in 69% of cOPD 2 patients, as well as in 36% of the control group. This shows the nonspecific character of these changes, although there was a significant difference between the cOPD groups and the controls (χ 2 = 12.3; р = 0.002) as well as between the cOPD 1 and cOPD 2 groups (χ 2 = 11.54; р = 0.0012). Marked focal growth of fatty tissue between muscular fibers and in damaged muscle fibers may be considered a sign of "false hypertrophy" of muscle tissue.
Sclerotic changes in RM muscle tissue were observed in 75% of the cOPD 1 patients and in all cOPD 2 patients ( fig. 6b, 7A ) compared with only 9% of the healthy controls. This also indicates nonspecificity of these changes, although there was a significant difference between these three groups (χ 2 = 20.6; р = 0.00038) as well as between the cOPD 1 and cOPD 2 groups (χ 2 = 5.16; р = 0.039) in the combination of expressed and insignificant sclerotic manifestations. Expressed interstitial sclerosis that extended to certain areas of the damaged muscle fibers was revealed. 7b) were observed in 67% of the cOPD 1 patients and in 85% of the cOPD 2 patients, while these changes were not found in the control group. There was a significant difference between these cOPD groups and the control group, but no significant difference was noted between the cOPD groups (χ 2 = 1.1; р = 0.37). A combination of contracture foci and interstitial sclerosis around separate muscular fibers was found.
Discussion
Muscular dysfunction often occurs in cOPD and may involve both respiratory and peripheral muscles. Decreased strength and endurance in RM can lead to clinical symptoms and ventilatory insufficiency, whereas in the peripheral muscles it limits exercise capacity and daily activities. The structural changes of accessory RM that were revealed by ultrasonic densitometry consisted of echogenicity phase changes, the cause of which may be multifactorial. A relationship between the severity of cOPD and the dystrophic changes in RM according to the data from the ultrasonic densitometry was established. This is illustrated in fig. 8 .
It was determined that the changes in the echodensitometry parameters in isolated RM correlate with decreased fEV 1 and increased breathlessness expressiveness in cOPD patients. The correlation between the echodensitometric parameters of external intercostal muscle and fEV 1 as well as breathlessness can be seen in fig. 9 and fig. 10 . Additionally, a simultaneous increase in the severity of dyspnoea and the echogenicity of isolated RM in the course of cOPD development was detected against a background of decreasing homogeneity and structural density due to the expressed atrophy of muscular fibers and the expansion of connective and fatty tissue.
The dynamics of these ultrasonic parameters precisely reflects the course of the dystrophic This fact provides the basis for a conclusion about a relationship between RM structural changes (revealed during ultrasonic examination) and functional changes of the respiratory system (manifested by decreased fEV 1 and increased dyspnea expressiveness) in severe cOPD. The significance of these phase changes in RM echodensitometric parameters is not fully understood. This dynamics of echodensitometric parameters in cOPD 1 could be explained to a certain degree by the increase in echogenicity due to substituting muscle growth with fatty and connective tissue. Thus, a significant positive correlation was determined between sclerotic manifestations of RM and their echogenicity index ( fig. 11 ) in cOPD patients. Homogeneity and structural density increased slightly in cOPD 3 compared with cOPD 2 , while echogenicity decreased slightly. It can be assumed that the development of RM fatigability in severe cOPD was caused by several factors (a decrease in their mass, sclerotic changes and a loss of fatty mass) that reduced the echogenicity of RM. These morphological changes could be primarily due to the expressed systemic inflammation, as well as (to a lesser extent) changes in the hormonal status and the high sensitivity of patients who had received long-term high doses of glucocorticoids during cOPD exacerbation.
The study has demonstrated the advantages of the ultrasonic method in the diagnosis of sclerotic changes, the detection of intergrowth of fatty tissue into the muscle tissue and atrophic changes. The method is a major source of information for assessing structural RM changes. This was probably connected with the use of the ultrasonic method to examine the muscles throughout their full thickness. These morphological data suggest that the alternating increases and decreases in the ultrasonic parameters could be caused by changes in the fatty tissue volume in the muscle tissue in different stages of cOPD development.
The morphological method of studying RM is invasive and inconvenient, as it is associated with possible complications, whereas the proposed ultrasonic method for examining RM is simple and safe. In light of this, the authors compared the possibilities of these 2 diagnostic methods for the assessment of RM status in cOPD patients with different degrees of severity. The sensitivity and specificity of the ultrasonic method were confirmed in 55% and 59% of cases for the estimation of sclerotic changes in RM, which was comparable to the results of morphological study. both the prognostic positive and prognostic negative results of the ultrasonic method approached 57%. Thus, the likelihood ratio for a positive result was 1.34 . No significant differences between the ultrasonic and morphometric methods were detected while evaluating sclerotic changes in cOPD patients (χ 2 = 0.82; р = 0.37). The sensitivity and specificity of the ultrasonic method of determining the expressiveness of fatty tissue intergrowth into the muscle tissue were confirmed in 55% of the cases, including both prognostic positive and prognostic negative results. Thus, the likelihood ratio for a positive result was 1.20 . No significant differences between the ultrasonic and morphological methods were found in relation to these morphological phenomena (χ 2 = 0.36; р = 0.55).
The sensitivity and specificity of the ultrasonic method for estimating atrophic muscular tissue expressiveness were confirmed in 55% and 59% of cases. The prognostic importance of both positive and negative results was 57%. Thus, the likelihood ratio for a positive result was 1.33. No significant differences were detected comparing the results from cOPD patients who underwent examinations by both the ultrasonic and morphological methods to evaluate atrophic muscular tissue expressiveness (χ 2 = 0.82; р = 0.37). The accuracy of the ultrasonic method was lower than that of the morphological method in diagnosing RM dystrophic changes in relation to other morphological signs analyzed.
The authors concluded that the proposed method of assessing echodensitometric parameters showed the heterogeneity of RM pathological changes and reflected the dynamics of the degenerative processes in RM during the development of cOPD in a complex way. More dystrophic changes were detected in the following RM: the sternocleidomastoid, external intercostal, abdominal internal-external oblique and rectus. In cOPD 1 a tendency to increased homogeneity and structural density along with decreased echogenicity was observed, whereas in cOPD 2 there was a tendency to decreased homogeneity and structural density, while echogenicity increased. In cOPD 3 a tendency to return to increased homogeneity and structural density against the background of decreased echogenicity was detected. In general, greater differences were detected between cOPD groups in the echogenicity index.
• Increased breathlessness in COPD patients positively correlated with echogenicity and negatively correlated with the structural density of the sternocleidomastoid, internal intercostal, abdominal external oblique and rectus muscles.
• The high informative value of the ultrasonic method for evaluating dystrophic changes in RM was shown, providing a basis for considering this method a first-line choice for monitoring pathological RM changes during the progression of cOPD.
